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Joint inversion method of electromagnetic wave resistivity logging while drilling

and its application
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Abstract: In view of the fact that the electromagnetic wave resistivity logging while drilling (LWD) is affected by low invasion of
drilling fluid under the condition of a shaft with positive high pressure difference in offshore oil and gas fields, a joint inversion meth-
od of electromagnetic wave resistivity logging while drilling was proposed in this study. Then a selection scheme of initial inversion
value was designed based on the separation degree of apparent resistivity curves, so as to obtain the original formation resistivity and
drilling-fluid invasion depth through inversion. Numerical simulation results show that the accuracy of initial value selection can meet
the requirements of engineering application, and the relative errors of inversion parameters such as true formation resistivity and
drilling fluid invasion depth are less than 0.5%. The true formation resistivity obtained through respective inversion of time-lapse
logging data is consistent. proving that this method is steady and reliable. A resistivity inversion application study was carried out
according to LWD data in western South China Sea. In combination with inversion results, the statistics were performed on drilling-
fluid invasion laws to obtain the statistical relationship between drilling-fluid invasion depth and various parameters such as formation
porosity, permeability, drilling-fluid column pressure, drilling-fluid soaking time and formation resistivity variation, etc. , which
provides a reference for the prediction and evaluation of drilling-fluid invasion. This joint resistivity inversion method can be applied
to LWD in other seawaters. and has great significance to reservoir evaluation and reserve calculation.
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Fig.1 Investigating characteristics of ARC675 resistivity logging
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Fig.3 Relationship among separation factor, proportion and invasion radius of ARC675 resistivity logging curves
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Table 1 Qualitative identification of mud-filtrate invasion depth

and selection scheme of the initial value of inversion parameters

for ARC675 resistivity logging
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376

1l

{1

A,
&

2016 4F %537 %

TR

2 MHz HifirXedp s

400 kHz i3 dafH 3

2 MHz $BERERE I

400 kHz WEMEPER P

FLERBE MR

PI6H / (2m)

PI6L / (2'm)

AlGH / (©'m)

01 100
P22H / (Qm)

0l 100
P22L / (Qm)

AI6L / (@'m)

01 100
A22H / (@'m)

01 100
A22L / (Qm)

0.1 100
P28H / (Q'm)

0.1 100
P28L / (Q'm)

0.1 100
A28H / (€4'm)

0.1 100
A28L / (Q'm)

0.1 100
P34H / (Q4'm)

01 100
PUL / (Qm)

0.1 100
A3H / (Qm)

0.1 100
A34L / (Q'm)

01 100

0.1 100

0.1 100

0.1 100

P40H / (Q'm) P4OL / (Q-m)

A40H / (Q-m)

A40L / (Q'm)

2 01 100 | 0.1

R [ (€rm) Ry [ (Qm)

© R,/ @m)

100 | 0.1 100

DEN / (g<m”)

R, /! (Q@m) P40H / (Cm)

18 0.1

I/ 100 | 0.1

R, / (Q:m) R, | (@m)

100 | 0.1 100 | 0.1

100
R, / (©'m) Ry | (©4m) RT/ (Q'm)

0.1

0.1 0.1 100

m' m -m
38
:-30?5-:-
o
3o ]
300

[ 3095

3100

195 295
CNL /%
45 -15

/

BS5 FARDAHF ARCTS BEEMH R RRHAHAREBANKIE

Fig.5 Inversion and mud-filtrate invasion of ARC675 resistivity logging of Well A in East area

HAP iR %E Eq Exo Exa N3 2 fin . REEERE
BB BR WG R RENT 0.5%.,

4 YEpbabE 5N A

A5 SCR FIHK A3 B 30 7 3 B8 o 1 il v BEL 3% 52 386 1Y
WEBE . BRI ekt BEL 5 5 3 3 148 J ) 240 v BEL 3% 2 8
o TR B R . Bk, il IF R B
FHL ¢ S 38 2 SRR T A7 3 S0 » AT DAAT 2808 o o 9k
BE W TR oK . vl I v S I S AR 5 X R
A3 R FLBRE ) R AUAE 1. 70~1. 90, R TR H L &%
K& Bl I W — BER A B AL B ) R B 0.2 R EL R
B0 o AFL S T B AR 2 o 8 DM A A B ™ T )
H AR AR B o PRI 0 i i 00 e R vl BEL 3 a0 201 28 5 A6
AR Ry ikt J2 VF i B 16 AT S 0 M 2 SO B R . A ORI A
F IR BB RZ IR 13 1 0 Bl Al 0 9% 8 T
WL BHL 8 2 0 S R AR IE » I 3 — 25 0 B 0 0 T R
4.1 BESETH A PR R KRR EIE

Pl 5 Oy e [ e A G 50 VA S8R 7R O X B A I 3 065~
3105 moH- Bl it BELR M B B B R ABESS R .

ZHAE 3074.67~3092. 67 m FH B AT T BUL
2 BEACRE H BHL %R0 s B RG k 1392 m, Y G AR IR
LB HL B B EAT R T 3 060. 75 m, BUG 5 B
TSk (U BE S FE RSk 6. 33 m) M BOEAT T R
AN , &I B B B LR A 1 d DA B, W 5
FIE7R o B T8 04 4 5 0 5 % 000 R BB A [ ) 4% ot £
FES B IS, Hork, 2 MHz A 0 2% H BHL 58 il £& I 25
by )2 e B K .

i 20 Z s BH %R M 2R I A S, AR 1S b2 I
BELAEFIEE H R ARYL . B 5 BT 7 (9 52 18 45 SR ]
A% BUE 2 H IR R ATREEZ) 0. 4 m, 23 T 15 4 )2
F, B 258 4 400 e B 2 1] 62 42 185 , 41 3082~3 085 m fiff )2
2 MHz A0 25 W 5140 vl B %8 R 45 4 IR BE. P4OHD #/
F 10 Qem, S5 302 A R4 K 20 Qem.,

78 SCAR A8 T BT 45 M J2 3L A BH S8, 3 O OF 35
{305 o 7 L 5 32 (L ky ‘B e BEL 38 0 - 76 T 8l - R A 4%
57T W 157, FLEE SRAn I 5 e 7 MR ARIE”E R
9 RT (FLHL B %) iR .

b S B I - e b BEL R 52 R 1 T S, R



%3 B TR o o R T D BEL R K B B i B 377
FAS H I 4 v, L 0051 230 716 12 4 L 3 R Rel 40 (i

() —SCPEHEAT B UE . rh T PSR AR O X R 2 0 R A
SR R AL A AR HEAT T RN BRI . ] 6(a)
FiR AiZ X He A B A1 C H B & 32 00 B L 5
AN A 5 5y 0 AR 1 2 MHz TAEAR 3T KU
FE A7 22 B B P4OH1 &5 P4OH2 o, Hip A &
00 v L% Y AR T R R B AR R 0 5 A ) e B R
A GBI Z RS RS R AT T X L,
B 6(b)fiTan. Ri5 RoAHXIRZE/NTF 10%, B2 .

15

~— Ryawi=Rrons
s AFAERLLCEE
= AFHULE
10F * B RO B
x BHELE
s CHAERLBE
s CHRGE

i -

Ry (Qom)

0 5 10
Ry / (£2:m)

15

R,/ (0-m)

(R, +Rx)/2 =
AT JE e I A 0 i A R LR 2 S RN, TR g
S B, I 5 B0 43 ) o 4G Y )2 v BH
AR B IA — B RUIA ORI B E R E , 5%
P 00 S Hk v L R 5 AR T
4.2 HHABRBARRSEIT
7 W BEL R S S Al B GE T TR AR S
W5 0 S PR B R KNSR R (B 7) BTSSR B

20

— R.=R, 4
— (Ry=R (R, +R)12]
15| — (R=RMI(R,+R)2]
i = A ARG B
= AFFRLLE
x BHIERLB
5 I * B IR B
s CHAERBE
aC #RL‘E
I 1 i
0 0 5 10 15 20
Ry /(92 m)

6 FEEREERNHMBEELES KRS RN LTI
Fig. 6 Comparison of apparent resistivity data,contrast and reliability validation of the inversion results data of time-lapse resistivity logging

35
30 .
=y 2D .
g - Al
a2 W = o
il oA AL TR L *  (ReuaR)
) l: o R, =1.0R
——— R8.15R,uy
00 5 10 15 20
Ryson! (Q2-m)
(a) K2
10 . (Rpsss R)
8 R=1.0R,
- —— R=2.12Rp.
CE : "‘*.. s ®
< 2
00 1 2 3 4 D
Rruu”ﬂ'm)
(c) SKFE
10
[ ] (Rpsans R
8 R=1.0Rn
76 R=1.74R
S 4 =
< 3
0
0 1 2 3 -+ 5
Ry (£ +m)
(e) KE
&7

R,/ (Q-m)

R,/ (0-m)

6
Ryyon/ (£2-m)
(b) 52
10 . (Ryuum; R)
8 R=1.0R, 0y
g R=1.29R 00y
0g 1 2 3 4 5 6
Ryon! (Q-m)
(d) E#5K2

kB EUKBEKAR B2 N2
R
(f) AR e

FEER Ri/Rewn & 83 35 E B LL 8

Fig.7 Dynamic ranges of the value of R,/Rp,y from different reservoirs and its comparison



378 el T

2 4R 2016 4F %537 %

7 0 T C0) 0 R JEE B 0 ) i )2 L IO st R AL B R R,
5 Ruaou AR 1% R 3 S5 B K, RUZ RO 5 Rewn
£ o % S 114 sl 25 3 L K A e R R A B
8. 1, R WA H- W AR B AFIE T W fiE 2 0 = Bl Bl it B
- 35 ™ G W 5 K JZE R, 5 Reson B AR X A5 20 K
{2 1. 7, WK JZ BB v BE %€ 000 o 52 4 AR /2
2 RN (BN 7 S o N R WY TR i 0E A = B AT Y
Pt e v L 2 100 = 70 6 L L, 0 S — e L O oL BEL R R
WHEAT AL BRI I 9 L5 B IR IE T A e B XX T

it 2 VR 5 R A T R L

BEXE 2 Bl H WK AR 5 T ]RSO R
THIFRBEARFEZ TG T, BRI B &M
BB ELH T M B T 5 BE N R B AR R A HLA S [R]
T T 53 00 J2E S At S 805 1) Ik 1) EAT T I 1)
e T AL B R AR AL I SE 3T, RS T 9 MRS
5 o AL < T IR N IR) Ll R TR RS R
(FLBRJE 38 15 28) | U H L vl L 3 0 ol L 38 e i &5 R
F(EI).,

R3 BANBRSTGITSH

Table 3 Multivariate statistical parameters for invasion patterns

WREHE/ LB/ BiE%/ WRWHES/ PI6H/  PHOH/  AIGH/  AOH/ 1/ Rl R./
h Yo mD MPa (Q=m) (Q=m) (Q=m) (Q=m) m (Q=m) (Q-m)

0.75 17.37 25.69 54.76 5.28 5.78 5.68 6. 14 0.35 3.74 7.35
0. 82 17.61 30. 04 55.69 3.72 4.53 4.94 5. 84 0.26 0.73 5.78
0. 82 17.83 34.38 55.38 4. 47 6.75 7. 44 8. 81 0.43 2.50 9.77
0. 82 18. 14 41.96 55.49 4.95 7.50 8.23 9. 26 0. 41 2.90 10. 22
0. 82 18.75 62.00 55.63 4.57 6. 48 6. 84 8. 21 0.55 3.73 10. 07
0. 84 18. 00 38.33 54.60 7.16 9.29 9.54 10. 43 0.48 4.22 12.43
0. 85 17. 64 30. 49 54.86 6.92 8. 11 8.12 8.77 0.38 3.06 10. 03
0.88 17.57 29.28 55.07 4.29 4.49 4.57 4.71 0.19 2.58 4.79
0.92 17. 64 30.56 55.16 5.47 5.76 6.31 5.88 0.27 3.82 6. 60
0.92 18.35 48. 05 55.37 4.78 6. 71 7.26 7.28 0.25 2.33 7.75
0.98 18.35 48.05 56.30 15. 42 12.97 12.37 12.27 0.42 7.42 20. 14
0.98 18. 84 65.67 56.24 15.98 13. 40 14. 07 13. 66 0.33 2.97 18. 30
1.07 15. 98 10.57 54.06 6.12 8. 81 10. 62 10. 32 0. 49 3.99 11. 94
1.07 15.98 10.57 54.06 6. 12 8. 81 10. 62 10. 32 0. 49 3.99 11.94
1.07 15.98 10.57 54.12 6.33 8.92 10. 91 9. 89 0.39 4.07 11.25
1.07 18. 01 38.59 54.04 8.19 10. 74 1. 11 12.35 0. 41 3.47 14.17
1.07 16.59 15.62 54.24 7.1 11. 65 14.22 13. 06 0. 40 4.01 15.58
1.07 18.83 65.24 53.69 9. 67 14. 63 14.79 16. 90 0.39 3.27 19.91
17.73 16.75 17.33 54.95 2.42 3.45 3.96 6. 89 0.73 2.43 9.70
17. 95 16. 08 11.31 54.92 2.70 3.52 4.12 6. 02 0. 85 3.03 9.34
19.77 17. 61 29.89 54.19 2.77 4.67 4.94 10. 40 0. 64 2.34 18.05
21. 00 18. 01 38.59 54.04 2.75 4.68 4.93 10. 38 0. 60 1. 86 16.07
22. 45 17. 38 15. 81 53.92 2.71 4.39 4.72 9.99 0. 65 2.20 15.89
24. 80 18. 83 65.24 53. 69 2.93 4.84 5.19 12.10 0.50 1. 21 19. 67
26. 10 18. 38 48. 82 56. 91 271 4. 14 4. 69 7.15 0. 59 1. 8Y 9. 99
26.75 17. 69 31.51 53. 59 7.55 13. 00 13. 31 17. 35 0. 41 2:73 19. 30
28.52 17. 85 28. 64 54. 47 3. 08 3.78 145 Tl 0.74 2,61 11.69
28. 85 16. 59 34.94 54. 40 2.76 3:15 3.76 6. 78 0.78 2.39 12. 53
0. 47 16. 59 15. 62 54. 38 2.76 3419 3.64 6. 49 1. 06 2.96 2(). 83
30. 92 17. 69 31.51 53. 49 4.77 6. 88 7,56 13. 48 0. 46 1.92 18. 61
31.00 16..59 15. 62 53. 42 4. 04 4. 58 5. 36 9. 28 (. 43 (. 86 13. 00
56.52 17. 69 31.51 53. 49 2. 64 3.67 4.12 9. 48 0. 60 10. 21 28.09
56. 62 16. 59 15.62 53.42 2.43 3.17 3.47 7.52 0.54 18.79 20. 87
57.55 16.59 15.62 53. 41 2.80 3.39 3.87 6.91 0.52 19.08 21.20
118.70 17.57 29.19 55.28 3.15 3.08 3.78 4. 68 1.15 2.80 18.07
119. 40 16. 29 12.90 55.24 3.31 3.20 3. 88 4.50 1.16 2.95 16.70
119. 50 15.92 10. 19 55.22 3.08 3.02 3.59 4.18 1.18 3.70 9. 86
119. 80 17.78 33.48 55.19 2.24 2.20 2.85 3. 66 1.12 2.64 7.82
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